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DNA EXTRACTION FROM PRESERVED TROUT TISSUIS
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ABSTRACT—We have adapted technigues developed for the extraction of DNA from formalin-fised. paraffin-imbedded
human tissues for use on preserved fish tissues. DNA was snceessiully extracted imd the d-loop region of mitochondrial

DN A was amplified with the polvinerase chain reaction 1€

SR

The sequences of the amplificd DN A from preserved and

modern samples were identical. These technigues were also applicd to fin tissne treated with a variety of presenvatives,

Extraction of DN A from ethyl alcolioland air-driedfin tissnes g e vields equivalent to those from frozen tissnes. Extraction

of DNA from presenved nmseum specimens of rare or extinet taxa condd significantly inercase the scope of svstematic and

[)]1}[()Q«‘|l(*li(' studies.

biocheniical svstematic analvses ol rare or endangered tava

Simitarly. extraction of DNA {rom fin tissnes provides o nonlethal sampling strateay allowing

Key words: DNA scquencing, polymerase chain reaction, sequencing, cutthroat trout. Oncortinnchus.

As apart of onr ongoing studies of the svstem-
atics of western salimonids, mnin]_\' cutthroat
trout (Oncorlupchis clarki), we were inter-
ested i extracting DNA from preserved fish
tissies. Nhiseinn (()llc( tions contain many pre-
served specimens, usnally stored in alcohol it
originally fixed in formalin. These conld repre-
sent a x]frmh((mt reserve of information for sys-
tematies  resecarch il the DNA could
snccessfully extracted. In addition, many popu-
fations of western tront are in snch low inmmbers
that collecting fish for svstematic studies conld
serionsly je ()p(mh/(* their sivival. For this
reason we also wanted to evaluate the applica-
bility of preserved-tissue DNA extraction tech-
nigues to samples of fin tissne. Fin sanmiples
conld be taken rapidly in the field with minimal
stress to the fish. These samples conld then he
preserved for fater DNA extraction.

Medical rescarchers have developed: tech-
nigues for the extraction of DNA froni forma-
lin-fixed, paraffin-imbedded tissnes (Goetz et
al. 1955, Debean et al. 1956). DNA
extracted from these tissnes was of sufficient
gnality that restriction entting and sonther blot
analvsis were possible (Debean et al. 19560,
DNA has also been successtnlly extracted from
birds held in musewn collections, both dried
and preserved in 70% ethyFalcohol (Honde and
Branm 19SS). The DNA extracted from alcohol-
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1)10\( rved  birds was significanth degraded
(maximum size, 200 base pairs ). while that from
the dried tissues contained fragments 9-20 kb
i length. But even if the DNA obtained with
these procedires was degraded, the recent
development of the polvimerase chain reaction
procedure (PCR) (Saiki etal. 1995, T9SS, Mullis
ct al. 19S6. Mullis and Faloona 1987, Wong et
al. 1957, White etal. 19591 prm'i(lvs A t(’c]miqno
to amplifv specific fragments of DN as siall
as 200 base pairs. These amplified fragments
can then be seqnenced to decipher genetie rela-
tionships (Saiki et al. 1955, Wrischnik et al.
1957. Kocher et al. 1959, Thomas and
Beckenbach 1989,

MATERIALS AND METHHODS

Archived Specimens

Cutthroat tront collected hetween 1926 and
1992 and archived in the fish range at the Monte
L. Bean Life Science Masenm, Brigham Yonng
Universitv, were nsed to detenuine the nseful-
ness of the formalin-extraction technigne when
applied tommsenim specimens. Samples of liver.
mnscle, or gntwere taken from specimens rep-
resenting a range of presenvation times “Table
1). Tissues were removed from the specimens
and placed in 20 volnmes of T1E9 hutfer (300mMI
Tris. 200N EDTA 10 mM NaClL pl19.0: Gocetz
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Fron forniadin-fised mnsenm specimens of entthroat tront 1 Oncorlignels clarkiy. DNA yvields were
yeotrometer absorbance readings at 260 nm.

Sample Total DNA
tissuc weight DNA vield
Subsp Yo Localion Musenm No. type (@) (pe) (pg/mg tissne)
)« 1926 Snake R ID BYU #26792 Jiver .13 775 0.596
) 1tal 1927 Utah 1. U BYU #267 liver 0.64 367.5 0.557
() ¢ nt 1910 Uiah 1. UT BYL #26756 liver (.65 310.0 0.477
O ¢ ntah 1952 Deaf Smith. UT BYU #176596 muscle 0.24 1475 0.615
O ¢ ntah 105 Deal Smith, UT BYU #1 76590 ant 042 965.0
O« ntah 1929 Tront Cor., l"l BYU #26555 liver 0.07 51.0
O « ntah 1051 Deep Cr UT BYU #176793 nscle 0.11 57.5

et al. 19831, °
24 honrs.

The bulter was changed twice over

I“in Tissnes

Fin tissues were taken from anesthetized
hatchen rainbow tront (Oucorliyuchus vuykiss)
that r: nwvd inlength from 15 to 25 em. Samples
were t (11\( 0 From all fins but were restricted to
the outer edges of the fins to nore acenrately
represent the region that would l)(‘ .\‘;un])](*d m
the field. Approximately T e fin
removed lor cach \dlll])](‘ These were placed in
labeled 1.5-ml polyvethvlene tnbes with vas-

of WIS

keted serew caps. Fonr samples were taken for
cach ol six treatments applied to the fins, These
were tal 10% formalin, (h) 40% isopropyvl alco-
hol. te1 storage inastandard freezer at =20 C,
<1 storage in an nitracold [reezer set at —S0 C,

70% cthylalcohol  KtOTD . and (1 air-drving,
llw sampleswere held in the tubes for 43 davs,
afterwhich the preservatives were decante dand
the tissnes soaked in TEY (or 2.4 honrs. with no
chimge in the bulfer. The frozen and air-dried
samples were not soaked butler prior to
exlraction. One smnple stored at =20 Cwas lost
diring storage,

Fatraction Procedumre

Fissin \.\ml‘n]m were mineed with o clean
blade to 2 mim or less ineross seetion) and
p V5=l contrifuee tibes with 10 ml of

1/t

i’ LO T ool SDS. Five mg()H)l'()(('ill;lx(* IN
whosamplesand the tnbes were

1 bated in a shaking water hath
Lo Wditional 5 mg of
Kl k DS were added to

i il

\’l["llll(‘ﬂllil]v
i C to remove
‘\l‘,l(’\ e

}‘ (illlllb(‘

of phenol-chloroform was added to cach. The
tubes were inverted several times to mix and
then centrifnged inan SS-3-+4 votorat 10.000 rpni
for 10 minutes. The aqueons phase from each
sample was removed with an inverted glass
pipette and placed into clean 30-ml tubes and
the procedure repeated. A final extraction of the
aqueons phase was made with one volnme of
chloroform and centrifuged as before. The
aqneous phase from (nmh sample was trans-
ferred to a new tube and .1 volume of 3 M
sodimm acetate solution added. The mixtures
were precipitated with one volume of 95%
EtOH and stored at —20 C overnight (12 honrs
minhmu). Each sample was centrifuged
10.000 rpm for 10 minntes and the supernatant
carefnlly poured off, leaving a DNA pellet. The
pellets were washed with 70% ethyl alcohol and
centrilnged again for TO minntes at 10,000 vpi.
The aleohol was poured oftf and the sumples
allowed to air dry. The pellets were resuspended
in a3 M Tris, 0.2 mM EDTA solntion (pH

2). RNase was added to a final concentration
()I'Z() p/ind.

RESULTS AND DISCUSSION

Archived Specimens

Muscle and fiver tissnes vielded comparable
amomnts of DN A, and exe eptmn‘lll\ high vields
were obtained from the sample of gnt tissne
(Table DL Becanse the gnt tissue was washed in
buller innme (lmte]\ (lit( srremoval from the pre-
served specimen, contamination from items in
the alime atary canal should have heen minimal,
Gut tissue was casily digested, indicating a rel-
ativelv rapid reloase ol DN A I)n])edn et al.
1956), and this conld have heen dss(l(ldt(’(l with
the high vields. DNA samples (20 gD from the
mnsein specimens were electrophoresed on a
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Fig. 1. DNA electrophoresed on 1% agarose gels after being extracted (Fig. 1A} from formalin-preserved museum
specimens and following PCR amplification (Fig. 1B). The DNA [rom the trout collected in 1926 (liver) is only fuintly visible
lane 1. Fig. 1A). The DNA from 1927 (liver), 1940 tliver), 1992 mmscle) and 1992 (gut! are in lanes 2

5. respectively. The
DNA in lane 6 was extracted from a contemporany [rozen liver sample. The PCR products are shown in Fignre T8 Lanes
1-6 in Figure 1B correspond to the DNA templates shown in Tanes 16 in Figure 14,

TasLi 2. A comparison of the nucleotide sequence (120 base pairs) from the SD-1 region ol the mitochondrial DN A
d-loop. The DNA was amplified with the polvmerase chain reaction. The top row represents the hase sequence from
frozen-tissue DNA and the lower row represents the sequence from a formalin-preserved specimen. The frozen-tissie
specimen (BYU #90621) s O. ¢. utah. from McKinzie Creek. UT, collected S-17-85. The preserved-tissue specimen (BYU
#26755) is O. ¢ utal, from Utaly L.. UT, collected in 1927, Both vonchers are archived in the fish range at the Monte 1

Bean Life Science Nusenm.

Frozen AAGGCTATCC "TAAGRAACC AGCCCCTGAA 30

Preserved AAGGCTATC( TTAANGAANACK A\GCCCCTGAAN
V\GCOCGAANGTA AAGCATCT . FTTANTGGTGT 60
AGCCGAAGTA A\AGCATCTGG TTAANTGGTGT
CAATCTTATT GCGECCGCTTRCC CACCANC OO 90
CAATCTTATT GCCCGTTACC CA( \ACCOG
GGCTTCTCTT ATATCGACT . GGCCTCTCCC 120
GGCTTCTCTT ATATGACT : GCGCCOCTOCTC !

1% agarose gel containing ethidivnm bromide
(Fig. 1A) to verify extraction. The DNA samples
extracted from fresh and preserved tissue san-
ples were used in a PCR reaction (25 pl total
volume) using primers for the d-loop region of
tront mitochondrial DNA developed by K.
Thomas (University of California, Berkelev).
with standard conditions (Perkin Elmer Cetns.
Nonwalk, Connecticut). Cycle times and tem-
peratures were T minnte at 92 C, 1 minnte at 53
C. and 2 minutes at 72 C, for 35 cveles. PCR
products are shown in Figure 1B DNA extrac-
tion controls containing no fish tissue did not
vield PCR products under identical conditions
(datanot shown). Subsamples of the PCR prod-
ucts {rom preserved and fresh tissue samples
were sequenced (Fig. 2) and compared with

contemporary sequence data from entthroat
trout (Tuble 2). The sequence datawere identi-
cal. indicating that within the amplificd segment
1o base modifications had occurred in the for-
malin-preserved sample.
Fin Clips

We obtained DNA from all fin clips regardless
of preservation method. Mean vields ranged
from a low of 040 pghng of tissne from forma
lin—lm'sm‘\'(-(l fin clips to a high of 1.104 pg/ing
The

effects were examined with analvsis o variance

in air-dried samples (Table 37, treatiment
Table 4), and a highly sienificant difference was
found between the treatments. Fishers least
significant difference multiple comparison pre

cednre was applied to separat those treatment
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Fig. 2 at leftt Sequence gel fron a portion of the mito-
chondrial DN\ d- [l)up Cohmnn A s the se quence for a
contemporary sanple of tront DNA (BYU #9062D) and
colmm B is the sequence from a preserved trout specimen

(BYU 426735 collected in 1927, The sequence gel is read
fronm the botton np.and the cohnmms represent gnanine (G
adenine (A1 thymine (T, and estosine (C), respectively.
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Fig. 3. Multiple comparisons ol the means of the siv fin
tissiie treatments, using Fisher's least significant difference
test Galplia = 0.0 Lines commeet means that do not diiter
significantly from one another.

Tasrr 3. DN A vields from fin tissue presenved \\11]1 dif-
ferent methods. The lin clips. approximately 1 em™ each,
were  taken from hatchen-reared rainbow  tront
(Oncorluypnehus mykiss). DNA vields were deternmined
nsing U\ spectrometer absorbance readings at 260 nm.

Presenvation N Mean Stanelard
method vield deviation
lug/me)

formalin 1 0,402 015743
0% isopropyl 4 0.569 0.19111
20 ¢ & 0.6-4-4 (.10016
SO 4 0).740 0.06295
TO% 1Ot 4 0.522 .07964
air-dricd 4 1104 (0. 13443

aronps that differed  significantly from one
another. These comparisons (Fig, 3) indicate
that the air-dricd treatinent gave vields signifi-
canth higher  than the other  treatments.
Becanse the weights nsed in calenlating the
DNA vields were the preestraction vahies and
not the pretreatment \\'(’i;{hls, the initial \\'cigllts
prediving) of the air-dried samples are not
known. However, based on the initial size of the
fin clips. they are assnmed to have heen similar,
While air- <|n1nw vields are much better than
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Tt 4 One-way analysis of variance of the fin clip treatment eftect on DN A vield

Sonrce Dearces of S of Mean square I Prob I
freedom squares

Treatiment D) 1.14512 1.22902 1347 0.0000

Error 17 0.25911 0.01700

Total tadj) 22 143424

those 1'(’511|ting from other preservation meth-
ods, the lack of presenvatives could allow
secondany contamination of sanmiples throngh
bacterial or fimgal colonization, and dln-(]l)]]lg
probably should not be nsed in collecting sam-
ples in humid areas ovwhere adeqguate storage
is not possible. The vields obtained from vth\]
aleohol preseny ation are equal to those from
frozen tissues and superior to both isopropyl
alcohol and formalin preservation. Of the pre-
senvatives examined i this studv, ethvl aleohol
would appear to be the preser ative of choice in
most field situations. This eliminates the neces-
sitv of carnving drvice or liguid nitrogen into the
fie |(1 to presenve tlssm s. Other presen tive solhi-
tions shonld be considered: for instance, Seutin,
White.and Boag (1991) reported snccessiul DN A
extraction from avian tissues preserved ina mis-
ture of EDTA, NaCl, and DMSO.

CONCLUSIONS

The ability to extract. anplifvc and sequence
DNA from formalin-preserved mmseinn speci-
mens increases the information value of minscum
holdings. In addition to being avecord of morphao-
logical and meristic information. the specimens
can be nsed in biochemical studies. Becanse
muscinn collections inelude tpe specimens. vare
species, and representatives of now estinet forms,
many key phvlogenetic relationships can he reex-
amined. The extraction te chniques can be applicd
to conteriporany presenved tissues as welll Fin
tissnes give adequate vields with this techigue for
hoth restr iction enzy e digestionand PCRampli-
fication. Ims(unp]us whic }l(dlll)( taken nonleth-
ally, present opportimitics 1o examine  fish
populations that wonld othenwise be inaccessi-
ble to tissne collection because of management
considerations.
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